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A relatively recent development in the field of economic geography, interested in the uneven spatial 
distribution of economic activities, is the less metaphoric and more formal involvement of network 
analysis tools in empirical strategies. Furthermore, with the diffusion of innovation systems thinking, 
and the emerging empirics of evolutionary economic geography, increasing attention is paid to the 
dynamism of spatial systems and networks. In this paper we review the theoretical background and 
recent empirical evidence on research topics of economic geography where network analysis and a 
dynamic perspective were adopted. These topics are (1) local knowledge networks behind clusters and 
(2) industrial dynamics of regional economies. Overall it is argued that the incorporation of a 
dynamic network approach in economic geography seems to be a promising line of research for the 
future. 
 




Economic geography is interested in the uneven spatial distribution of economic 
activities. The broad field of economic geography has been going through a relational turn 
lately: it pays even more attention to connections than previously. The use of networks for 
explanation purposes is not unprecedented in the literature on economic geography, but these 
researches have used networks in a rather symbolic and metaphorical way. Recently, due to 
the improvement of methodological and technical tools, both network thinking in conceptual 
frameworks, and the use of network analysis as a research method are gaining in popularity. 
Additionally, with the appearance of evolutionary thinking in economic geography, increasing 
attention is paid to the change in economic systems over time. Dynamic network analysis 
proves to be highly relevant for this kind of research. 
Network analysis in economic geography shed light on the internal dynamics of 
clusters. It helped understanding the structure of networks behind them, identifying their most 
influential actors and also following their structural change over time. The growing literature 
on localised knowledge networks mainly deals with the flow of innovation related knowledge 
in connection with local learning processes, knowledge spillovers, industrial atmosphere and 
regional embeddedness. Network analysis opened up new ways to conceptual and empirical 
research on regional development as well. The diversification of regional economic activities, 
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often portrayed as a branching process relies on network methodology in identifying 
technological relatedness of firms and industries.  
In this paper we review the literature on the diverse use of network methodology in the 
dynamic analysis of economic geography. We selected core publications for review based on 
them dealing with some aspect of economic geography, using network analysis as a research 
method, and focusing on the change of a network over time. Our paper is structured as 
follows. In the next section we outline the origin and contemporary significance of networks 
and network analysis in economic geography. In the third and fourth sections we present three 
key lines of research relying on network analysis: clusters, localised knowledge networks and 
regional economic evolution respectively. We end the paper with some concluding remarks. 
 
2. Networks in economic geography 
 
Researches using networks as methodological tools have been very common in natural 
sciences such as physics or biology for a long time. However since the middle of the 20th 
century networks as explanatory factors have become particularly popular in social sciences 
as well. As many social scientific discipline started to use networks (e.g. anthropology, 
sociology, economics), social network theory advanced in several fronts. Special notions were 
developed (homophily, preferential attachment) and mathematical methods (matrix algebra or 
graph theory) were integrated to this evolving field. 
By the end of 1900s the network phenomenon has broken into the field of economics as 
well. This particular interest in networks was part of a general shift in thinking: the 
individualistic and atomistic approach was replaced by a more systemic and complex view 
which take into consideration the context of the objects of analysis and their relations 
(Borgatti – Foster 2003). The appearance and widespread acceptance of evolutionary 
economics could be one of the best examples in connection with this shift. Furthermore, the 
innovation system approach that builds on evolutionary theory is also a good example since it 
deals with innovation as an interactive process where – besides the actors – the relations, 
connections are equally important (Vas – Bajmócy 2012). We also have to mention 
Granovetter’s work regarding embeddedness. He argues that every process, every economic 
action is necessarily embedded in their societal, cultural and institutional environment 
(Granovetter 1986). Therefore these processes always affected by social relations and 
interactions and they could be understood better if we study them in their context.  
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Notwithstanding the network theory have been flourishing in organisational researches 
(Borgatti – Foster 2003, Csizmadia – Grosz 2011) recently it has gained serious attention in 
economic geography as well (Ter Wal – Boschma 2009). One of the possible antecedents of 
this debate is the theory of ‘space of flows’ by Manuel Castells (1996). He discusses whether 
places or relations, networks are more relevant for the competitiveness of firms. According to 
his study the notion of ‘space of places’ refers to that being in the right place matters for 
learning and innovation while ‘space of flows’ focuses on relations that is, being part of a 
network is what matters truly (Ter Wal – Boschma 2009, Castells 1996).  
Initially the use of networks in economic geography to explain phenomenon such as 
regional development, knowledge flows, clusters or industrial change was rather symbolic and 
neglected any theoretical or methodological underpinnings (Glücker 2007). However as a 
‘relational turn’ has occurred in economic geography network analysis method has become an 
integrant part of these types of researches. All in all economic geographers started to pay 
more attention to relations than spatial dimension and started to apply network analysis 
methods to study inter-organisational interactions and knowledge flows (Ter Wal – Boschma 
2009). Thus, network analysis has gone beyond visualization and become an appropriate 
analytical tool with many proven models and methodologies. 
Most of the studies in economic geography that use network analysis as a new method 
deal with clusters. This is because it was perceived that firms geographically close to each 
other develop and maintain extensive local networks which affect their economic performance 
in a positive way. This assumption was implicitly connected to the unrestricted flow of 
specialised knowledge inside the industry as proposed by Marshall. However as Giuliani 
(2007) and many others showed it later, these networks are unevenly distributed among firms. 
Moreover, these (knowledge) networks are rather selective, thus many firms that are involved 
in the business network are excluded from the knowledge network of the same cluster. In 
addition firms located in a significant geographical distance may also be part of the cluster’s 
knowledge network. This is because (knowledge) networks are social and not territorial 
constructs (Ter Wal – Boschma 2009).  
However most of these studies have adopted a static analytical perspective, meaning 
they capture the whole network at a certain point in time. Basically, they provide us a 
snapshot of the network. These researches mostly focus on computing certain network 
indicators and compare these indicators to the performance of firms or the whole network, or 
to identify unique positions in the structure. Nevertheless none of these studies have been 
interested in how these networks come into existence or how they change over time? More 
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specifically what drives the formation of networks? How ties are created or dissolved? Thus, a 
dynamic network approach in economic geography is a rather overlooked field, but it might 
provide a better understanding for many of its research areas such as the geography of 
innovation, knowledge flows or industrial evolution. 
Dynamic network approach always studies the whole network structure with an 
analytical focus on dyadic tie formation. On one hand it looks for the changes that a new tie 
induces or dissolution of an old one causes in the whole network structure. On the other hand 
it investigates the impact that the structure has on the formation (or dissolution) of the next tie 
(Glücker 2007). One of the key concepts in the dynamics of networks is preferential 
attachment (Balland et al. 2013a, Ter Wal – Boschma 2009). This notion explains the growth 
of networks by arguing that it is more likely that a new node will link to the most central node 
of the network than to other nodes (Barabási – Albert 1999). In other words a node which has 
many links to other nodes is more attractive to be connected with (Balland et al. 2013a). This 
also implies that central nodes become more central while peripheral nodes tend to remain 
peripheral (Ter Wal – Boschma 2009). However the process of preferential attachment has 
been often criticized for not providing a sufficient answer for the early phases of network 
evolution when dominant nodes hardly exist. 
Another possible force that might drive network formation could be homophily which is 
originated from sociology. According to network practitioners homophily refers to tie 
formation based on similarity between nodes. So nodes will connect not necessarily with the 
most central node, but with the most similar one in some sense (Ter Wal – Boschma 2009). 
This similarity could be geographical one (geographical proximity) or any other in connection 
with the nodes’ attributes. In economic geography the term proximity is used to explain this 
notion (Balland et al. 2013a). Based on the results of the French proximity school Boschma 
(2005) proposed five proximity dimensions: cognitive proximity that enables communication 
of actors, organizational proximity means similar structures of decision making, institutional 
proximity means following a similar set of rules, social proximity means being embedded in 
similar social context and geographical proximity means co-location. And these concepts are 
more suitable to explain network formation in economic geography (Boschma – Frenken 
2010, Boschma et al. 2014a, Balland et al. 2014b). Thus it could be said that partnering is 
more probable if the actors speak the same language, share the same knowledge and norms or 
reside in close proximity to each other since these factors could reduce the risk and the cost of 
collaboration. 
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Besides preferential attachment and homophily, triadic closure or transitivity as 
proposed by Balland et al. (2013a) could be a third mechanism that has an influence on 
network formation. In a very simple way triadic closure means that partners of partners 
become partners (Ter Wal – Boschma 2009). Meaning two unconnected nodes that are both 
connected to a common third node are more likely to become partners.  
 
3. Local knowledge networks behind clusters 
 
What is common in networks is that they display inequalities and they have geography 
(Maggioni – Uberti 2011). These two characteristics brought the attention of economic 
geographers to use the methods of network analysis in order to answer primal questions of the 
field, such as what is behind the spatial concentration of economic activities, firms or 
innovation. Marshall (1920) introduced the benefits of geographical concentration of firms in 
specialised industries (here clusters) as positive external economies originating from access to 
resources, specialised labour pool, favourable industrial atmosphere and knowledge 
spillovers. In relation to industrial atmosphere, it is often associated that firms operating in 
clusters are likely to generate a socio-economic environment characterised by dense inter-firm 
networks. The emergence of successful clusters became increasingly associated with the 
presence of localised networks that besides helping to lower transaction costs and favouring 
the diffusion of knowledge also enhances the likelihood of innovation (Iammarino – McCann 
2006). 
With the help of network analysis it is possible to get a picture about industrial 
atmosphere and also to catch out knowledge spillovers. In this respect knowledge networks 
are particular important to capture. Knowledge network could be defined as the network that 
links firms through the transfer of innovation-related knowledge (Giuliani 2010). Numerous 
studies have been done in relation to clusters and knowledge networks behind them, focused 
on the determinants and influential factors of knowledge transfer, learning processes and 
innovation performance. 
Giuliani and Bell (2005) questioned the micro-level determinants of learning and 
innovation, in a relatively early study using network analysis. They argued that knowledge is 
not diffused evenly ‘in the air’, but flows within a core group of firms. Social network 
analysis was applied to explore the overall structure of knowledge network of a wine cluster 
in Chile and identify different cognitive roles played by cluster firms. Their study focused on 
absorptive capacity of firms in the cluster defined as their ability to access and absorb external 
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knowledge. Their final results underpin that knowledge flows within a closed group of firms 
characterised by advanced absorptive capacity. These technological gatekeepers – as they call 
them – are firms that have a central position in the knowledge network in terms of knowledge 
transfer to other local firms (Giuliani – Bell 2005). Boschma and Ter Wal (2007) also 
highlighted that co-location is not enough in itself for cluster success, rather connectedness 
may function as key vehicle of knowledge transfer and knowledge diffusion. While studying 
the footwear cluster of South Italy they also had very interesting findings as strong local 
knowledge network position of firms impacted positively their innovative performance 
(Boschma – Ter Wal 2007). Giuliani (2007) also examined the differences existing between 
the structural properties of knowledge networks and business networks. The findings were 
that knowledge networks are more selective, less dense and highly uneven compared to 
business networks. The knowledge-rich linkages increase the likelihood of firms being good 
performers. The content of the network ties are very important for the economic performance 
of firms and not networking per se that enhances performance of clusters, but the existence of 
valuable, knowledge-rich linkages (Giuliani 2010). It indicates that the structure of 
knowledge-rich networks may affect the quality of regional economic development. 
These studies have promising results in relation to central questions of economic 
geography. Due to the spread of network analysis as a methodology we could better 
understand what is behind cluster success, local embeddedness, knowledge flow between 
actors or knowledge spillovers in industrial districts. There are already plenty of studies using 
network analysis, but most of these applied only a static analytical perspective. Only a few 
empirical works deal with questions like how these networks change over time or what drives 
the formation of them. The appearance of dynamic network analysis in economic geography 
has provided a new tool to answer questions related to the evolution of clusters, knowledge 
networks or even industries (Maggioni – Uberti 2011, Broekel et al. 2014). 
An early work by Giuliani (2013) shows the micro level dynamics underpinning the 
formation of new knowledge ties among wineries in the wine cluster of Chile. In her analysis 
she used longitudinal data based on repeated questionnaires in two distant periods of time and 
the method of stochastic actor-oriented models. She explained structural change and stability 
of networks by the cohesion effects of reciprocity and transitive closure (or triadic closure). 
Reciprocity emerges when a firm that has been the recipient of knowledge related advice from 
another firm, returns (reciprocates) the favour. These two effects increase network cohesion, 
encourage network growth and capture embeddedness (Giuliani 2013). Main conclusions are 
that knowledge networks show structural stability over time, but are quite dynamic at the 
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micro level. Cohesion effects turned out to be key drivers of the formation of many new 
knowledge ties. This is in line with the literature of regional clusters that describes them as 
contexts of dense, cohesive and strongly embedded networks. 
Balland et al. (2014a) analysed the influence of embeddedness, status and proximity on 
the evolution of technical (knowledge) and business networks in a toy cluster in Spain. They 
used primary, retrospective data collection strategy (as requested participants to report 
information in 2005 and 2010) and the stochastic actor-oriented models to capture the driving 
forces behind the evolution of knowledge and business networks. Their essential findings are 
that both network and industrial status drive significantly the formation of business networks. 
Geographic proximity and cognitive proximity (corresponding to the number of digits two 
companies share in common in their NACE 4 codes) are significantly important for technical 
(knowledge) networks. Both structural embeddedness (referred to triadic closure) and social 
embeddedness (direct observation of social ties) are strong drivers of both the knowledge and 
business network evolutions. 
 
4. Industrial dynamics and network evolution 
 
The research program of evolutionary economic geography formed around empirical 
findings of different units of analysis. This line of research is interested in the ways in which 
the economic landscape is transformed over time (Boschma – Martin 2007). Micro level 
research focuses on the firm and its routines that are historically formed behavioural patterns 
of firms that are relatively persistent over time. Meso-level research is concentrated on 
economic sectors (population of firms) and on networks (relations of firms). Finally, on the 
macro level the spatial system itself becomes the unit of analysis (Boschma –Frenken 2006). 
Empirical applications of network analysis appeared in the research program mainly on the 
meso- and macro-level. On the one hand, the dynamics of industrial change has been linked to 
the relatedness of firms and industries, which can be viewed as a tie between them. On the 
other hand, different types of proximity are being combined with dynamic network analysis 
methodology to track the evolution of heterogeneous nodes, ties and the network structure 
itself. While some systemic evidence has been gathered in the first case, the second case is 
still in its formative state. In this section we review empirical research first on industrial 
dynamics, then on geographically bound economic network evolution. 
In the research on industrial dynamics, the main questions are how the relatively stable 
variety of economic activities, entities and products are affecting the entry and exit decisions 
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of firms on the short run, and how does variety itself changes due to the entry and exit of 
firms on a longer time scale. However, as Frenken et al. (2007) argued, it is not variety or 
specialization of regions per se is what matters, but the amount of related variety present. 
Economic actors, activities or products can be considered related if they are not too close and 
not too distant in terms of cognitive (technological) proximity, i.e. effective communication 
(learning) can occur between them (Boschma 2005). On a shorter time scale of 4 to 5 years, 
related variety can be considered relatively stable due to the path-dependent nature of 
technological change. Empirical evidence shows that the probability of entry increased when 
firms, technological or scientific knowledge or products were more related to the 
technological portfolio of regions. The probability of exit was decreased with relatedness to 
this portfolio. This general pattern was shown for country level export of products (Hidalgo et 
al. 2007), for the entry and exit of industries in Swedish and Spanish regions (Neffke et al. 
2011, Boschma et al. 2012), the appearance of technological classes of patents in U.S. cities 
(Boschma et al. 2015) and the entry and exit of scientific knowledge (Boschma et al. 2014b). 
On a longer timescale related variety itself becomes the dependent variable. As 
demonstrated by Neffke et al. (2011), a relatively stable amount of related variety concealed 
significant structural change in the form of a high frequency of entry and exit in the Swedish 
case. Essletzbichler (2013) also found for the case of U.S. metropolitan areas that 
technological cohesion was relatively stable with a large amount of turmoil underneath. 
Following the country level argument of Hidalgo et al. (2007), Frenken and Boschma (2007), 
Frenken (2009), Boschma and Frenken (2011a) and Boschma and Frenken (2011b) argue that 
the diversification of the regional economies follows the patterns of technological relatedness, 
i.e. regions diversify into related activities. 
Long term evolution of regions based on industry dynamics, network methodology 
plays a part in the measurement of technological relatedness. While earlier attempts to capture 
relatedness utilized standard industrial classification of economic activities (e.g. Frenken et al. 
2007), this method was criticised because it ex ante assumes the technological proximity of 
industries belonging to the same two-digit NACE classification (Neffke – Henning 2008). 
More advanced approaches rely on the co-occurrence of products (e.g. Neffke et al. 2011) and 
inter industry labor flows (e.g. Boschma et al. 2009) in the ex post establishment of 
relatedness.  
Regarding network dynamics, the main question is how the heterogeneity of nodes, the 
different dyadic relations and the network structure itself interact and change over time. This 
sort of research makes use of the newly emerging dynamic network analysis methodology (for 
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an extensive review see Broekel et al. 2014). Concepts of the aforementioned French 
proximity school proved useful in this research. Empirical research so far has been focused on 
specific industries. In the case of the global navigation satellite system industry Vicente et al. 
(2011), Balland (2012) and Balland et al. (2013b) showed that geographical, organizational 
and institutional proximity had a positive effect on propensity to collaborate, while the effect 
of social and cognitive proximity was not significant. In the case of the global video game 
industry Balland et al. (2013a) found that the role of (1) network endogeneity, stressing the 
path-dependent nature of change, (2) different forms of proximity, and (3) heterogeneity of 
firms was significant along the industry life cycle. While the direction of these effects 
remained the same, their weights changed over the course of the life-cycle. While some case 
study findings have already been gathered, to our knowledge no systemic evidence has been 
collected on the dynamic of networks in economic geography. This is partly due to the 
relative novelty of the methodology involved and partly due to the extreme demand of the 




We have discussed the presence and significance of network analysis in economic 
geography and emphasized the notability of dynamic network approaches in the field. After 
the general review of network analysis as a method and its expectations for economic 
geography, we focused on the growing literature of local knowledge networks behind clusters, 
industrial dynamics and network evolution in particular. We overviewed some of the most 
important empirical findings based on network analysis and argued that the incorporation of a 
dynamic network approach in economic geography seems to be a promising new line of 
research for the future. 
For future research implications, dynamic network analysis could have great potential in 
many aspects. It could help understanding the role of different local networks in regional 
development. Since local development is determined by hub positions in key knowledge 
networks (Broekel et al. 2014), analysing endogenous regional development from a 
knowledge network perspective seems to be a major challenge for future research. In the 
context of industrial change, along timeframes of more than 15-20 years, the technological 
proximity of industries itself can change, which process should be incorporated in future 
research. A more pronounced use of network analysis tools could also benefit this line of 
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research. Inclusion of network properties – like centrality or modularity – on their own right 
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